Life Cycle Assessment goes to Washington : lessons from a new regulatory design by Edwards, Jennifer Lynn, M. C. P. Massachusetts Institute of Technology
Life Cycle Assessment Goes to Washington:
Lessons from a New Regulatory Design
by
Jennifer Lynn Edwards
A.B. Physics
University of California at Berkeley, 2000
Submitted to the Department of Urban Studies and Planning
in partial fulfillment of the requirements for the degree of
Master in City Planning
at the
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
June 2009
0 2009 Jennifer Lynn Edwards. All Rights Reserved.
The author here by grants to MIT the permission to reproduce and to distribute publicly
paper and electronic copies of the thesis document in whole or in part.
Author
' "Department of Urban Studies and Planning
May 21, 2009
Certified by
Pro~TSor Judith Layzer
Department of Urban Studies and Planning
Thesis Supervisor
Accepted by
Professor Joseph Ferreira
MASSACHU 8 INSTT'TE Chair, MCP Committee
OFTECHNOLOGY Department of Urban Studies and Planning
JUN 0 8 2009
LIBRARIES
ARCHIVES

Life Cycle Assessment Goes to Washington:
Lessons from a New Regulatory Design
by
Jennifer Lynn Edwards
Submitted to the Department of Urban Studies and Planning
On May 21, 2009 in Partial Fulfillment of the
Requirements for the Degree of Master in City Planning
Abstract
Life Cycle Assessment (LCA) is a quantitative tool that measures the bundled impact of an
individual product over its entire life cycle, from "cradle-to-grave." LCA has been
developed over many decades to improve industry's environmental performance, and also
to create environmental labels for consumer products. But in recent years, LCA has been
used to inform policy and set regulatory standards. This thesis examines early experience
with the first U.S. life-cycle policy: state Low-Carbon Fuel Standards (LCFS). California is
the first state to implement an LCFS, which caps the total carbon intensity of the
transportation fuels sold in the state. Regulators measure the carbon value of different fuels
on a fuel-cycle basis, including upstream extraction, processing, harvesting, conversion,
and transport.
California's recent experience indicates that, while a life-cycle approach to policy brings
numerous environmental benefits, LCA is not well matched to applications that rank
different products or assign numeric benchmarks for dissimilar products. Further, since
LCA was developed for individual products, it lacks capacity to deal with dynamic
interactions, industry-wide impacts, and forecasting, all of which are important for policy
decisions. As an alternative, future policies that are organized around life-cycle impacts
should first establish concrete goals with a thorough planning and visioning process, and
then apply LCA as an exploratory tool to determine the low-impact methods to achieve
these articulated goals.
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Introduction
Proponents have argued that Low-Carbon Fuel Standards (LCFS) are a compelling
new design for carbon regulation in the transportation sector. California's recent adoption
of a state LCFS was praised as "the future of fuel policy" and "government at its best,
doing policy that's good and responsive and responsible" (Kahn 2009). In essence,
regulators calculate a life-cycle global warming value for each prospective transportation
fuel, including gasoline, biofuels from different feedstocks, electricity, and hydrogen. This
"well-to-tank" number accounts for the carbon generated by upstream extraction,
harvesting, and conversion (CARB 2009, ES-2). The LCFS sets an emissions cap for the
whole transportation fuels sector, and fuel providers must reduce the carbon intensity of
their fuel mix, most likely by replacing some high-carbon fuels with their choice of
emerging low-carbon fuels in order to meet the target. The motivation for a well-to-tank
approach is to level the carbon playing field, since the impacts of different fuels occur at
different points of production. By contrast, a regulation at a single point, such as the
vehicle tailpipe, might favor fuels like hydrogen and electricity without considering their
energy-intensive generation methods. The LCFS has attracted widespread political support
as a technology-neutral approach: it regulates carbon, not the processes that generate it,
and therefore gives industry maximum flexibility to pursue innovative engineering
decisions.
The success of the LCFS approach hinges on the ability of experts to construct a
credible life-cycle carbon inventory for the dozens of fuels in an advanced portfolio. The
underlying analysis method is Life Cycle Assessment (LCA), a standardized technique to
quantify a product's bundled impact and resource burden from raw material extraction
through manufacturing, use, and disposal. Recently, LCA has become a popular
foundation for labeling schemes and regulatory standards. In theory, because of its holistic
approach, LCA facilitates a more accurate environmental comparison of heterogeneous
products. In practice, however, conflicts over how to construct an LCA have hindered the
LCFS process. These conflicts result from inherent challenges over how to construct an
LCA, for example, analysts disagree about where to draw the boundaries of the fuel system
and how to allocate carbon from upstream processes that create multiple products.
Many analysts argue that existing studies are "far too limited and uncertain" to
create an enforceable regulation, and they call for more "robust and mature tools" and
time to provide "empirical validation" for published results (Simmons et al 2008, Simmons
et al 2009). In short, they argue that an answer will emerge through better science and the
refinement of analytic techniques. But, can we expect LCA to actually resolve the LCFS
debates and provide a definitive and consistent policy direction across an entire economic
sector? If not, given the history of LCA's development and intended applications, how
should it be applied in a policy context to maximize its strengths as an analytic
environmental tool?
California's recent experience with fuel standards demonstrates that LCA has a
limited ability to mediate conflicts over the relative benefits of different products.
Ultimately, decisions such as where to set a system boundary will not be solved through a
better technical study. Like other analytic tools, LCA requires experts to make a series of
assumptions and judgments that are based on individual values. Trying to arrive at a single
regulatory standard simply conceals those choices, treating them as technical, rather than
political, decisions. This is not to suggest that LCA is a poor tool, but rather that its
strengths are not well matched to policy applications that rank different products or assign
numeric benchmarks. Further, LCA does not capture the dynamics within whole systems,
which are important for large-scale interventions such as fleet wide fuel standards. LCA
doesn't incorporate feedback effects, and its orientation towards individual products
means that results don't capture the impact of an entire industry. LCA can, however,
illuminate the big-picture tradeoffs among water, air, land, or human health impacts.
Nascent carbon policies have not taken advantage of these features, but future
applications should make use of this strength, and apply LCA as an exploratory
environmental impact tool to anticipate the broader consequences of a given policy
decision. From an environmental perspective, LCA holds promise as an evaluative tool
that can avoid shifting environmental burdens, and assigning a "green" bill of health when
policies have simply transferred impacts to a different part of the life cycle.
The Call for a Systems Approach
There are many instances of environmental policies that have had unintentional
consequences. Starting in the 1970s, for example, many urban areas in the U.S. suffered
from regular smog emergencies, and one major cause was emissions from motor vehicles.
The 1990 Clean Air Act mandated the use of oxygenate fuel additives, and the most
common at the time was methyl tert-butyl ether, or MTBE (Nadim et al 2001). MTBE was
known to reduce emissions of certain toxics such as benzene, and atmospheric pollutants,
such as volatile organic compounds and carbon monoxide. By the late 1990s MTBE had
become a common additive to gasoline. Unfortunately, it had also begun to contaminate
the drinking water supply: it turns out that MTBE is highly soluble in water, and the most
common sources are leaks into groundwater from underground fuel storage tanks, and
emissions directly into lakes and reservoirs from watercraft such as motorboats. Although
these dangers have since been well established, the inertia of regulation and infrastructural
change mean that MTBE is still blended with gasoline in many states.
The discrete targets of environmental policy-smokestack emissions, mining
activities, or industrial chemicals-are also components of a larger system that can be
perturbed, but not controlled. The primary lesson of the MTBE case is that often when we
fix one part of a system, an unforeseen consequence will emerge after a delayed response,
sometimes with comparable or greater environmental impact. One goal of environmental
policy is to anticipate and minimize these secondary effects. And one pursuit of
environmental policymakers is to find tools that can inform this process.
The understanding that "the nature of the whole is always different from the mere
sum of its parts" (Capra 1996, 29), commonly known as systems thinking, has been a
fundamental insight to environmental philosophy since the early 1960s. In Silent Spring
Rachel Carson popularized the notion that the pesticides used to eradicate mosquitoes
were harming birds, and that humans themselves were vulnerable actors within this same
system (Carson 1962; McWilliams 2008). Systems thinking offers a vision of the planet as
interconnected and dynamic, and many have used this vision to critique the structure of
modern industrial production. As architect William McDonough and chemist Michael
Braungart write in Cradle To Cradle, "at is deepest foundation, the industrial infrastructure
we have today is linear: it is focused on making a product and getting it to a customer
quickly and cheaply without considering much else" (McDonough and Braungart 2002,
26). Many have argued that industrial production (and its underlying economic
transactions) don't properly value resource inputs or waste outputs, and these systems
need to incorporate closed-loop principles, analogous to ecological feedback and
symbiotic relationships (Pearce et al 1989; Costanza and Daly 1992; Hawken et al 1999;
McDonough and Braungart 2002). The economist Herman Daly asserts that the view of
industry and the economy as closed from inflows and outflows to nature "is exactly as if a
biology textbook proposed to study an animal only in terms of its circulatory system,
without ever considering its digestive tract" (Daly 1995, 151).
These critiques have spawned the field of industrial ecology, which translates
ecological concepts into applied principles for industry. Under this new model, industrial
production is represented as a series of resource flows and transformations, analogous to
biological metabolism. The outputs from one process become useful inputs into others,
creating a networked "web" of consumption (Frosch 1992). According to Robert Frosch
and Nicholas Gallopoulous, two early thinkers in industrial ecology, "materials in an ideal
industrial ecosystem are not depleted any more than those in a biological one are; a
chunk of steel could potentially show up one year in a tin can, the next year in an
automobile and 10 years later in the skeleton of a building" (Frosch and Gallopoulos
1989, 152). LCA is one tool, along with industrial metabolism and materials flow analysis,
that was developed to quantify and enhance the understanding of the complete material
and energy flows of industrial processes.
The industrial ecology framework holds that an ideal system should optimize
resource use and minimize waste (Frosch 1989), and creators designed LCA for this
normative purpose. For comparison, other technical policy tools like risk assessment or
cost benefit analysis were created to arbitrate environmental decisions. Their purpose is to
weigh the magnitude of an environmental impact against its cost or the likelihood that it
will occur, in order to provide policy guidance. But LCA looks only at environmental
impacts, and it was designed explicitly to maximize environmental improvements by
tracing the material inflows and outflows throughout production.
The Promise of Life-Cycle Techniques
LCA is usually applied to a tangible product-such as a chair, a car, or a gallon of
milk-and is a measure of that product's complete environmental impact from its creation,
use, and disposal. The resulting value includes all of the raw materials that compose the
product and were used in its assembly, the impact associated with its use, and the impact
of its disposal, whether it is reused, recycled, or sent to decompose in a landfill. This
"cradle-to-grave" approach is LCA's fundamental feature, and its unique contribution as
an environmental analysis tool.
A classic example of LCA was the effort to answer the question: paper or plastic?
Environmentalists have vilified plastic bags, and many cities-most notably San Francisco
and Dublin-have banned or taxed them on environmental grounds. An informed
speculator might claim that plastic is worse because the virgin material requires more
processing. But a full environmental comparison of these two options creates a more
complicated picture. An LCA includes their direct material requirements (paper, plastic,
and adhesive), the energy used to harvest and manufacture each material, and the
aggregate amount of transport required to move each "component" (which is fairly simple
in the case of a bag, but extremely complicated for something like a car). It also depends
on the size of each bag and how many times it is used. While paper bags are generally
larger, plastic bags provide much more strength for a given amount of material, and they
are durable enough to reuse. Although paper bags are recycled more than plastic, a
consensus has emerged that plastic bags are better for the environment from a life-cycle
perspective, since much less plastic is needed to provide the same "level of service"
(Hendrickson 2005; Ciambrone 1997). Level of service is an important concept in LCA,
since it normalizes the comparison of otherwise distinct products. In the case of paper and
plastic bags, the service they provide is to safely secure several pounds of groceries for the
trip home.
This paper-versus-plastic example demonstrates the importance of life-cycle
accounting, but it also reveals its limitations. Clearly, plastic bags are not consistently or
obviously a superior environmental choice. For a city that prioritizes landfill space or
stormwater pollution, paper is the preferable alternative. Life-cycle analysts repeatedly
warn that ultimately, the answer to which product is better is contextual. It depends on
specific attributes of the supply chain, how one assumes a consumer uses the product, and
what type of environmental impact is of interest.
Nonetheless, LCA offers the promise of a complete environmental measure, and
consumers increasingly seek this information to make a "true" environmental comparison
of the products they buy. Other recent life-cycle topics are the relative benefit of hybrid
cars when battery lifetime and disposal methods are considered, the mercury impact of
compact fluorescent versus incandescent light bulbs, and the environmental footprint of
paper books versus electronic readers (Engelhaupt 2008). In recent years consumer
attention to the life-cycle concept grew substantially, in partial response to the
proliferation of green product claims. But the use of LCA for product analysis goes back
several decades.
Early Development and Standardization of LCA
Most LCA studies to date have been conducted for industry, either to understand
their supply chain for internal purposes or to promote the environmental benefits of their
products over the competition. As the story goes, the first LCA was conducted for the
Coca-Cola Corporation in 1970 (Hunt and Franklin 1996). At the time, all Coca-Cola soda
was bottled at franchise plants and sold in glass bottles. The company was considering
switching to in-house packaging, and Harry Teasley, a packaging manager, wanted to
understand the tradeoffs of possibly using refillable bottles, cans, or even plastic bottles,
an uncommon choice. Teasley commissioned a "formal analytical scheme" to quantify the
energy, material, and environmental consequences of the different packaging options over
their entire life cycles (Hunt and Franklin 1996, 4). One of Teasley's innovative ideas was
to include an estimation of the energy use throughout production. Although the oil price
shocks of 1973 hadn't yet forced the issue, Teasley reasoned that energy use was a good
indicator of the material intensity of each manufacturing stage. The conclusions of this first
study remain confidential, but Coca-Cola didn't widely introduce plastic bottles until 1994
(and also never switched from the franchise packaging model).
Most early LCA studies remained focused on packaging and waste, and were
tailored to the materials industries, as opposed to consumer products (Baumann and
Tillman 2004). Waste managers were the early public-sector adopters, since LCAs could
be used to inform new policies on recycling, landfilling, or incineration for different
materials (Curran 1997). The movement to use LCA as a comprehensive environmental
tool to measure total impact (not just material or energy intensity) didn't take off until the
early 1990s. Consumer environmental awareness in Europe and the U.S. was moving
beyond the waste and emissions from how a product is made, to also consider how a
product is used and disposed of (Baumann and Tillman 2004). For example, the "diaper
wars" of the early 1990's were fueled by warring life-cycle studies that weighed the
landfill impacts of disposable diapers versus the water used to wash cloth diapers (Hays
1997). Spurious advertising claims from product manufacturers about the "environmental
benefits" of disposables pushed several state attorney generals and consumer affairs
groups to call for standardization of life-cycle methodologies (Crews et al 1994).
Many academics and LCA professionals also agreed that life-cycle impact claims
were subjective, and that a study could be tailored to support any outcome or product one
wanted. A statement from the International Professional Association for Environmental
Affairs in 1990 warned that LCA was "fraught with some methodological problems" and
that the "scientific basis for assessing the environmental impacts of products [was] still
inadequate" (Baumann and Tillman 2004, 52). The push to make LCA methodology
consistent resulted in two standards by the International Standards Organization in 1997
and 2000.1 The ISO guidelines have no legal significance, and the main advantage of
compliance is that analysts can advertise that a study "Meets ISO 14040." Furthermore,
these standards are surprisingly vague. They mandate which steps and assumptions
analysts need to document, but they don't address the sources of many discrepancies,
which are the numerical assumptions behind the calculations (such as where to draw the
system boundaries). The main outcome of the ISO standards was to formalize the LCA
1 The standards are ISO 14040 (1997) and ISO 14043 (2000).
process and make it more transparent, but they did not reduce the variation among study
methodologies.
Consumer marketing still drives many LCAs, and the current trend is to advertise a
product's "carbon footprint." The idea of an ecological footprint was coined to mean,
literally, the amount of land required to support the burden of different human lifestyles
(Rees and Wackernagel 1996). But a carbon footprint has been generalized to mean the
total emissions a product is responsible for over its life cycle. Tesco, the British
supermarket chain, is one of the first private companies to include carbon labels on their
products, beginning with potatoes, orange juice, light bulbs, and washing detergent in
2008. The company president promoted the initiative as a response to market demand,
and declared that with these labels "customers can compare their products as easily as
they can currently compare their price or their nutritional profile" (Leahy 2007).
While the term carbon footprint is now ubiquitous, the trend has spread much
faster than the scientific standards that support it. A review of the major academic journals
for LCA shows that very few life-cycle carbon studies were published before 2005.2
Industry and independent labeling groups have conducted most carbon footprint LCAs,
such as the Carbon Trust, which produced the life-cycle studies for Tesco. These groups
have developed their own independent methodologies. Although their techniques are peer
reviewed, there is no existing certification for carbon footprints, and importantly, no
formal agreement about where to designate system boundaries or count the carbon
generated while a product is being used (Weidema et al 2008, Sinden 2009). Certification
efforts are underway but lag behind the consumer demand for information.3
The history of LCA's development shows that much of the cumulative experience
conducting LCAs has been acquired through private-sector applications. As a result, many
studies are proprietary, and their data and methods haven't built a publicly shared body of
knowledge. Similarly, commercial software programs and databases are oriented towards
stand-alone consumer products. This has also simplified many applications of LCA, since
2 This includes the International Journal of Life Cycle Assessment, the Journal of Industrial Ecology,
Environmental Science and Technology, and the Journal of Cleaner Production.
the study objectives for a company's internal inquiry are often more evident and
straightforward than they are for policy. For example, Harry Teasley wanted to understand
the total resource inputs for a glass or plastic bottle, but he didn't have to make a policy
decision about which types of impacts were the most important. Procter and Gamble's
diaper studies implicitly weighted water impacts more than landfill impacts, and it was up
to individual consumers to scrutinize their results. But in the policy arena, decisionmakers
often need to generalize results beyond specific cases and negotiate the tradeoffs between
different interests.
Current LCA Applications for Regulatory Standards
European countries have pioneered the use of LCA to directly inform regulatory
mandates. One application is Integrated Product Policy, a European regulatory approach
that considers whole product life cycles (Berkhout and Smith 1999). This policy uses LCA
as a scoping tool to flush out the details of different production chains, then targets the
phases of production, use, and disposal that have the biggest environmental impact. This
approach led to the new European "end-of-life" regulations, such as the Waste Electrical
and Electronic Equipment (WEEE) directive, which attaches the environmental impact of
disposal to the manufacturer's overall responsibility. Integrated Product Policy is popular
but still experimental in practice. Manufacturers have struggled with the data
requirements, since many companies outsource production and don't collect information
about materials intensity from independent suppliers. In addition, one critique of the
framework is that the emphasis on end-of-life issues has ignored crucial aspects of the use
phase. For example, one way to meet the requirement to recycle a certain percent of a
product's mass is to create a heavier product.4 As the European Commission on
Environment has stated, "The debate is ongoing about good practice in LCA use and
interpretation" (ECE 2008).
3 The ISO has a standard for greenhouse gas accounting (but not carbon footprints) and a British Publicly
Available Specification (PAS 2050) was published in late 2008.
4 Randolph Kirchain, Personal Communication, February 12, 2009.
These regulations are often classified as "product-oriented," meaning they regulate
the goods themselves, rather than the industrial processes and plants that create those
goods (Curran 1997). The latter approach (often called "process-oriented") has been a
successful mainstay of environmental policy for many decades, but it has a limited reach:
although industrial processes have improved, overall consumption has also increased, and
waste has grown as a share of environmental impact (Berkhout and Smith 1999). A
product-oriented approach considers how products are used and disposed of. Therefore,
like the early private-sector applications for LCA, the initial motivation for these life-cycle
regulatory approaches was to manage the consumer waste stream along with
manufacturing impacts.
LCA has been readily adapted to assist government obligations to report and reduce
carbon emissions. Since carbon is ubiquitous throughout different economic sectors, it
doesn't conform easily to the process-oriented approach. Carbon policies are nascent, but
underlying some approaches is the idea that if you can measure the carbon impact of a
product, you can label it, tax it, set limits on it, or give credit for improving it, depending
on the politically preferable policy mechanism. LCA has been called "a tool of great
promise," since it brings "the notion that it [is] possible to quantitatively compare
alternatives in order to identify the environmentally preferred option" (Baumann and
Tillman 2004, 53).
The UK's Department for Environment, Food, and Rural Affairs (DEFRA) has
actively pursued a life-cycle approach for carbon policy, beginning with detailed carbon
studies of select supply chains. DEFRA has initiated ten product "roadmaps" to quantify
the carbon footprint of different products, including TVs, passenger cars, milk, and
shellfish (DEFRA 2008). One priority is to increase the reliability of data collection and
analytical tools, which include LCA and ecological footprint analysis. The agency's
summary of its data collection process states that "behind the studies, the methods and
data sources vary significantly, and have limitations, accuracy and reliability concerns,"
(DEFRA 2008). One issue the agency has flagged is the high level of geographic and
industry aggregation in datasets, which makes it challenging to parse out the details for a
single product. DEFRA's ultimate regulatory lever is still under discussion, and could be
anything from voluntary agreements, product standards, or fiscal mechanisms like taxes.
Regulators in the U.S. have been slower to incorporate LCA into policy than their
counterparts in Europe, and most of the public attention has been prompted by debates
over biofuels standards.5 The 2007 Energy Independence and Security Act contains a
federal Renewable Fuel Standard, which defines eligible fuels by their life-cycle
greenhouse gas emissions, "including all stages of fuel and feedstock production and
distribution, from feedstock generation or extraction through the distribution and delivery
and use of the finished fuel to the ultimate consumer" (EISA 2007 Title 11 §201). The EPA
has recently ruled on the fuel standard, and upheld the strict life-cycle approach for
biofuels (USEPA 2009). The major U.S. policy initiatives that are built around a life-cycle
framework are the state LCFS. In a recent article summarizing California's standards, Dan
Sperling and Sonia Yeh wrote: "the [California] LCFS is the first major public initiative to
codify life-cycle concepts into law, an innovation that must increasingly be part of
emission-reduction policies if we are to control the total carbon concentration in the
atmosphere" (Sperling and Yeh 2009, 58).
These early policies have embraced the promise that a holistic, quantitative
measurement can allow for more politically favorable approaches to carbon regulation. If
the carbon impact of various production pathways can be reasonably understood,
policymakers can regulate the carbon, and not industry activities directly, which limits any
controversial infringement on private business practices. This approach places LCA in a
decisive role, although early policy experience hasn't proven that this is practically
achievable. Now, since mandatory standards and regulations are on the horizon, the
scrutiny of LCA methods has intensified. This is especially true since LCA can imply where
and how regulators should assign responsibility for environmental damage (Heiskanen
2002). Although Europe's early experience can provide some guidance, the U.S.
5 The USDA's Biopreffered program, created in the 2002 U.S. Farm Bill, is one existing policy use of LCA.
The program uses LCA to determine which products should be included in thie government purchasing
preference system.
regulatory context is more litigious, and the methodology of LCA studies, even with ISO
certification, is highly vulnerable to challenges.
Methodological Elements of LCA
LCA studies for technical or academic applications often focus on precise topics. A
survey of publications in the International Journal of Life Cycle Assessment demonstrates
some recent LCA subjects, including baby food packaging material, a commercial office
chair, and offshore crane lifts. It is hard to imagine that interest in these subjects extends
beyond a small circle of experts, and that is precisely the point. It is challenging enough to
conduct a complete study of an object's entire production chain; it becomes exponentially
more complex if the subject is broad.
An LCA study typically begins with an explicitly defined goal, which includes the
study objective and the intended audience (ISO 1998). It is standard practice to structure a
study to be comparative, for example, to determine whether paper or plastic releases more
life-cycle carbon, or to quantify which stage of plastic bag production releases the most
toxics. A study objective to determine the absolute impact of a product, such as a carbon
footprint analysis, can be problematically broad. While an explicit goal is useful for any
technical undertaking, LCA analysts underscore this step so that subjective methodological
choices are tied to a specific objective, and won't be made arbitrarily. In their popular
guide to LCA, Henrikke Baumann and Anne-Marie Tillman argue: "our thesis is that
methodological choices [of an LCA] are governed by the application, although this is not
always clearly acknowledged in many LCA manuals and guidelines" (Baumann and
Tillman 2004, 41). An explicit goal also acts as a reminder that most LCA results cannot
be generalized beyond the study's particular application.
Most of the controversial methodological choices in an LCA surround how to
narrow the project scope. A fundamental choice is where to delineate the system's
conceptual boundaries, that is, "where the cradle begins and the grave ends" (Baumann
and Tillman 2004, 34). For example, does the system include all of the energy required to
extract the raw materials (a first-order input), as well as the upstream energy required to
extract and transport those energy sources (a second-order input)? Does it include the
resources used to build "capital goods," such as the manufacturing plant itself, the truck
used to move supplies, or the road the truck drives on? There is still extensive debate over
standard practice for system boundaries (Reap et al 2008, Sinden 2009). But, the tenuous
consensus from the LCA community is that studies should include second-order inputs,
but not the impacts from capital goods. In most cases, the fraction of a truck or a
manufacturing plant that can be attributed to one product is negligible. But this means that
the impact from most capital infrastructure is never accounted for in LCA studies.
The guidelines for appropriate system boundaries are often a question of what is
pertinent given the goal of the study. LCAs for private industry may only include activities
that the firm has direct control over (sometimes called cradle-to-gate studies). In that case,
the study would not account for consumer use and product disposal. In comparative
studies, one can justify narrowing the system boundaries to where the two choices differ.
But it is hard to justify an arbitrary scope when a study is trying to measure a product's
absolute impact. This is sometimes called the "completeness burden" of absolute impact
studies.6 In theory, a product's footprint should account for all upstream environmental
impacts, and the list can go on indefinitely.
Another major decision is where to set the study's geographic and temporal
boundaries. Geographic boundaries are often limited by data availability, since most LCA
databases cover the U.S., Europe, and parts of Asia, but are missing large numbers of
developing countries. In a world of globalized supply chains, this requires major
approximations for some studies. Time boundaries are particularly relevant to understand
disposal impacts and downstream emissions. The challenge of delineating the boundaries
of environmental impacts is not unique to LCA studies, and the debate over the
appropriate choice is larger than where to set the life-cycle system boundary. It is not an
issue that will be settled anytime soon, and LCA practitioners emphasize the importance
of being explicit about the values that underpin boundary choices.
Manufacturing plants are not always dedicated to one single product, and any LCA
study has to decide how to allocate upstream impacts among different co-products. For
6 Randolph Kirchain, Personal Communication, February 24, 2009.
example, a petroleum refinery takes in raw crude oil, and produces different grades of fuel
and other petroleum products. Analysts must decide what portion of the plant's impact
should be associated with gasoline, kerosene, the chemical feedstock for plastics, and all
of the other outputs. The default rule of thumb is to allocate impacts weighted by the
monetary value of the co-products or, when applicable, by their energy content. But this
type of allocation isn't consistently used in LCA studies, which is a common source of
discrepancy. One reason for the inconsistent results between different ethanol studies is
that authors have chosen different allocation schemes for the ethanol and other corn co-
products at the plant (Hammerschlag 2006).
A fundamental element of LCA studies is the importance of a well-defined
"functional unit." The functional unit is the denominator for the impact value, which
clarifies that a product contributes some amount of impact per what. This is where apples-
to-apples comparisons become important. Often the functional unit is a measure of mass
or volume: a ton of steel, or a gallon of milk. Sometimes the product itself serves as an
intuitive discrete unit, such as a book, or a pair of shoes. But often it isn't the physical
properties of products that we want to compare, but the services that those products
deliver. A classic example is household cleaners and detergents, since equal volumes
don't always provide equal cleaning utility. In this case, the functional unit might be one
load of laundry, or a square meter of surface cleaning. These functional units often prompt
disagreements over what constitutes an equal level of service. A common problem is that
"resource or energy improvements due to technological progress tend to overestimate the
actual saving effects because they ignore the behavioural responses evoked by
technological improvements" (Binswanger 2001, 1). One example is the "rebound effect"
caused by low-flow water fixtures, where the realized water savings are less than expected
since showers tend to last longer (Dixon and McManus 2006).
Finally, it is important to note that many "life-cycle studies" are not impact
assessments; that is, they don't translate material use or emissions outputs into a measure
of damage to human health or the environment. Carbon and energy studies, for example,
are life-cycle inventories. An inventory still requires the same methodological choices
outlined above, but it doesn't add on the additional step to estimate an impact such as
biodiversity loss, smog formation, or the increased incidence of cancer. Many policy
decisions don't require information beyond an inventory, which simplifies the problem at
hand. Nonetheless, inventories still embody implicit judgments about which metrics to
report and how those numeric values are interpreted.
Nascent Policy Applications of LCA: California's Low-Carbon Fuel Standard
State Low-Carbon Fuel Standards are among the first U.S. attempts to set firm
regulatory standards based on a life-cycle evaluation. An LCFS is analogous to state
renewable portfolio standards (RPS) for the electricity industry, in that it sets a sector-wide
target at a certain percent of total sales or capacity. The LCFS is based on the annual
carbon output of the transportation fuel sold in the state, calculated on a life-cycle basis,
and it presents the new challenge of how to measure that attainment. Whereas an RPS is
binary (a technology either is or isn't renewable, or at most fits in one of three classes),
transportation fuels comprise a continuum of carbon values, and regulators must
determine each one individually.
Most current LCFS experience comes from California, habitually in the
environmental vanguard. California formally announced their LCFS process in January
2007. The state legislature had already passed AB-32, the Global Warming Solutions Act,
which requires the state to cap carbon dioxide emissions at 1990 levels by 2020. The
LCFS was established by executive order from Governor Arnold Schwarzenegger, and
directs the state Air Resources Board to implement a 10 percent carbon intensity reduction
in all passenger vehicle fuels by 2020, in coordination with AB-32. The Governor
detailed, "the LCFS shall apply to all refiners, blenders, producers or importers
('Providers') of transportation fuels in California, shall be measured on a full fuels cycle
basis, and may be met through market-based methods..." (Office of the Governor 2007).
Transportation is a longstanding environmental concern in California, and the
state's previous attempt to regulate the passenger vehicle fleet was through zero- and low-
emission vehicle mandates in the 1990's (known as the ZEV and LEV mandates). These
required that a portion of the vehicles for sale have zero or low tailpipe emissions. The
ZEV mandate was controversial because the only eligible vehicles were battery electric or
hydrogen fuel cells. Not only did the mandate "pick technological winners and losers" (an
abomination from industry's perspective) but it also focused on emissions at the tailpipe
and failed to consider the upstream environmental impacts of hydrogen production or
electricity generation (Knight 2000).
More generally, transportation regulation has been prone to popularity swings of
the "fuel du jour phenomenon," which current regulators want to avoid (Sperling and Yeh
2009, 57). In the recent past, advocates have periodically hailed methanol, compressed
natural gas, hydrogen, ethanol, and electricity as the solution for increased transportation
emissions. By contrast, the rationale behind the LCFS is that regulators should not
prescribe specific solutions or obstruct market forces. A successful policy approach "must
inspire industry to pursue innovation aggressively; it must be flexible and performance-
based so that industry, not government, picks the winners; and it should take into account
all greenhouse gas emissions associated with the production, distribution, and use of the
fuel" (Sperling and Yeh 2009, 58).
Supporters of the LCFS tout that its structure is "durable and flexible" (Farrell and
Sperling 2007). As Schwarzenegger's executive order states, the regulation targets the
point where fuel is refined or imported, upstream from the consumer point of sale. Fuel
companies can choose how to ramp down the carbon intensity of their products, by either
blending with low-carbon fuels (e.g. a mixture of low-carbon ethanol and gasoline),
increasing sales of low-carbon fuels such as hydrogen, or applying credits that were
gained in previous years or purchased from another provider (CARB 2009, V-1).
The carbon calculation includes the standard suite of IPCC greenhouse gases, and
intensity is reported using the functional unit of "fuel energy delivered to do useful work at
the wheel of a vehicle" (Farrell et al 2007b, 7). Consequently, this well-to-tank measure
includes the carbon intensity of the fuel production chain and the conversion efficiency of
different vehicle types, but, unlike a "well-to-wheel" value, it doesn't account for the mass
or engine efficiency of a particular passenger vehicle. Carbon intensity therefore does not
translate directly into a service measure of distance traveled, such as vehicle-miles-
traveled or miles-per-gallon. In addition, the conceptual boundary doesn't include the
upstream impacts to produce different types of vehicles. As the California researchers
noted, "a more complete analysis would also include energy embodied in the materials
used in all these activities through their own production, such as batteries in electric
vehicles, tractors used for cultivating the biofuel crops, and oil refinery equipment" (Farrell
et al 2007b, 7).
The LCFS does not assign carbon intensity values to fuels, but to different fuel
pathways. The California standard provides about 20 basic fuel pathways, each with its
own detailed LCA assumptions and carbon intensity values.7 If a producer has made
significant improvements to a fuel's supply chain, perhaps by powering a refinery with all
renewable electricity, or engineering a novel cellulosic ethanol process, it can be certified
for a new pathway and credited for the carbon improvement (CARB 2009). This is referred
to as the "default and opt-in" approach. In theory it allows regulators to assign
conservative carbon values and puts the burden of proof on producers to improve their
certification (Sperling and Yeh 2009). There are still numerous details of that approval
process that haven't been decided, including which party or agency would certify the
industry's life-cycle calculations.8
The LCFS is an instructive case to judge early experience with LCA in policy
applications, and it has several characteristics that can be generalized beyond the
transportation sector. The LCFS structure, which targets end-use products and does not
directly regulate production methods, is a popular way to maximize industry's flexibility
for numerous types of standards. Policymakers in Europe have pursued a sector-based
approach for carbon regulation, which is also under discussion for post-Kyoto
international climate agreements in many countries (Schmidt et al 2008, Meckling and
Chung 2009). Although the LCFS is simplified since the system boundaries are narrowed
between the well and the tank, the standard also must incorporate biofuels and upstream
agricultural processes, which presents an additional challenge. This is a timely problem
however, since many LCA labeling efforts are for food and agriculture products.
' For example, there is a cellulosic ethanol pathway designated as "farmed poplar trees using a fermentation
process" at 20.40 grams C02/MJ, and a Midwestern average corn ethanol pathway designated as "80
percent dry mill, 20 percent wet mill, dry distillers grains with solubles" at 99.40 grams C02/MJ (CARB
2009, VI-7).
8 Sonia Yeh, Personal Communication, March 25, 2009.
Although California's LCFS is the farthest along, there is also activity in numerous
other states, most notably Minnesota. Whereas California's standard is being created by a
regulatory agency under executive order, the Minnesota standard will be introduced as
legislation, and many of the regulatory details will be negotiated within the state
legislative process. Researchers at the University of Minnesota are currently building a life-
cycle database that reflects Minnesota's fuel pathways and carbon intensities, and a bill
was introduced in 2009 that sets forth the process for creating a state standard (Minnesota
Low Carbon 2009). While California's LCFS was motivated by the state's carbon policy,
Minnesota's is also directly linked to the state's sustainable biofuels policy, and the carbon
impact of the state's agricultural sector is of interest just as much (if not more) than its
transportation sector. Although it is still too early to judge the outcome of the Minnesota
standard, it will probably contain some important differences. This is partly because each
region has distinct fuel pathways, but also because the varying goals of the two states will
result in different methodological choices for how to apply LCA.
Emerging Lessons from the LCFS Process
Overall, LCA's early performance in a policy forum has revealed some important
limitations, but also illustrated the benefits that a life-cycle perspective brings to
environmental management. Many of LCA's underlying methodological choices have
spurred contentious debate among scientists and industry representatives. In particular,
there are fundamental disagreements over where to assign the boundary of the fuel cycle.
Furthermore, numerous big-picture disputes have erupted, such as the global land-use
impact of an expanded biofuels industry, and opposing interest groups have narrowed in
on detailed LCA inputs to argue their case. But this approach will not resolve the
underlying uncertainties, and the malleable structure of LCA has been a distraction.
Nevertheless, the life-cycle perspective has illuminated the details of the complex fuel
sector, which improves regulators' knowledge and capacity to tailor options for
environmental improvement.
It is important to note that the most contentious issues in the LCFS process have
focused on the scope of the LCA, and not the model structure itself. Analysts in both
California and Minnesota calculated life-cycle fuel values using the Greenhouse Gases,
Regulated Emissions, and Energy Use in Transportation (GREET) model, a well-known life-
cycle tool that was developed at Argonne National Laboratory. State regulators adjust the
GREET inputs to represent their regional fuel mix, for example, California has a relatively
clean electricity supply, and Minnesotans use a high share of tar sands from Alberta. Most
debate centers on these input data. Mary Ann Curran, who works at EPA's research
division doing LCA, said "It's the data that's hard, not the method; if I had the data it
would be easy to run an LCA." 9 For many purists, the rote process of number crunching is
a small part of the analysis. Baumann and Tillman write, "LCA is more than the study-it's
the whole procedure of how a study is done and interpreted" (Baumann and Tillman
2004, 19). However, the tool itself does not provide much guidance over how to assign
inputs and boundaries. The challenge then falls to researchers and policymakers to define
a reasonable study goal, and make a case for the inputs they have chosen.
Lessons from the Biofuel Battles
Biofuels have sparked many of the LCFS disputes. While they introduce complex
upstream agricultural practices that add to LCA's technical challenge, biofuels have also
been a long-standing and controversial topic of U.S. energy policy, ever since public
interest in ethanol surged following the international oil crises of the 1970s. Historical
disputes have focused on food scarcity, technological hurdles and cost, and more
recently, the energy and ecological implications of corn based ethanol (Commoner 1983,
Keeney 2009). Despite numerous studies on the relative costs and merits of biofuels, thirty
years of technical debate has failed to deliver a consensus on the issue. It is optimistic to
believe that LCA can solve the problem more readily than the technical debates of the
past.
The current biofuels controversy has focused on whether and how to include the
effects of indirect land-use change within an LCA. This debate was instigated by several
conflicting scientific studies and has become a focal point for academics, industry,
9 Mary Ann Curran, Personal Communication, March 25, 2009.
environmental organizations, and even lay observers, because it will probably make or
break the case for many biofuel options (Fargione et al 2008, Searchinger et al 2008,
Kloverpris et al 2008, Kim et al 2009). The issue is where to draw the upstream system
boundary for biofuels, and whether it should include the global shift in land-use patterns if
the biofuels industry expands. The indirect land-use effect is in addition to the direct land
requirements to grow biofuel feedstocks; it measures global land-use change if biofuels
increase the world market price for other corn products, like animal feed, resulting in
expanded production of those secondary crops. Including this measure in an LCA would
disadvantage ethanol, since economic models predict that expanded cropland for biofuels
in the U.S. would push agricultural production into other countries, which would increase
deforestation and the conversion of virgin ecosystems, resulting in a net carbon release.
Opponents argue that the numeric value of indirect land-use change is so uncertain that
its premature inclusion could unfairly disadvantage certain fuels (Dale et al 2008,
Greenwood 2008, Simmons et al 2009). Proponents argue that despite its uncertainty, it
will have some effect, and omission effectively assigns it a zero value (Clean Air Task
Force 2008, Environmental Defense Fund 2008).
LCA cannot settle these land-use debates, and the conflicting scientific studies have
fostered an irreducibly contentious dispute. There is no official LCA practice that dictates
boundary decisions one way or the other, and the ISO standards only require that the
decision be explicitly recorded as part of the study. To add to the challenge, the choice of
the system boundary can be pivotal for the rank of different fuels; it is difficult to imagine a
case where boundary issues don't significantly alter the results. Unlike some
environmental policies where the scientific community has eventually concurred through
deliberation (for example, on the anthropogenic causes of global warming), this type of
decision offers little opportunity for scientific consensus. The appropriate decision
depends on value judgments about the goal of the study.
Scientific results do not translate directly into policy decisions, and some
participants in the indirect land-use debates have failed to make this distinction. Dan
Sperling, head of the Institute of Transportation Studies at UC Davis and a member of the
California Air Resources Board, commented that any person who approached California's
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LCFS process thinking only about the LCA analysis "had lost 95 percent of the richness of
what you need to know to create a good fuel standard" (Sperling 2009). As this comment
implies, policy decisions depend on more than technical findings; they also require
political input about broader objectives. Yet environmental disputes are often framed
entirely as technical debates. When federal policymakers tackled acid rain under the 1990
Clean Air Act, the ensuing legislative battle over sulfur dioxide limits was a proxy for the
underlying struggle among regional economic interests (Layzer 2006). Similar disputes
have played out for species habitat protection under the Endangered Species Act (Service
2003), the Occupational Health and Safety Board's benzene rulemaking (Graham et al
1988), and National Ambient Air Quality Standards for ozone (Jasanoff 1995). In each
case, advocates on both sides supported their arguments with technical findings, and
could never irrefutably contradict the opposing viewpoint. Ultimately regulators either
reached a political compromise or made controversial decisions, which frequently led to
legal challenges.
Biofuel debates are long-standing and reflect regional economic, environmental,
and public benefit questions about the future fuel supply. LCA can offer very little
technical guidance to answer these types of questions. Therefore, it is ultimately up to
policymakers to articulate broader goals, and mandate the life-cycle scope and its
corresponding boundary delineation. As of now, California has included the effect of
indirect land use, but Minnesota regulators will not.
What LCA Can't Tell Us
The LCFS, like most policies, is ultimately concerned with "what if" scenarios as
much as understanding "what is." Therefore, while a typical LCA reflects the static state of
the world today, what decisionmakers also want to know is the future state of the world
once proposed policies are adopted. The indirect land-use debate captures this tension.
The uncertainty within the debate centers on the so-called "market-mediated effects" of
biofuels expansion. In this case, these are land-use effects that derive from economic and
global trade dynamics, for example, the interaction of biofuels production and world food
prices. LCA is not a dynamic model, so most LCA analysts will forecast these future
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scenarios with exogenous models, and then input the results into LCA to crunch the
numbers. But this requires a translation between market prices, land-use change, and
carbon values, and along this line the nuances of the results are lost. If land use is the
issue, another alternative is to directly inform decisions with the results from forecasted
land-use scenarios.
Along the same lines, LCA was historically designed to analyze individual products
to inform decisions at the plant or consumer level. But the important information for a
policy decision is often how a large-scale regulatory change will affect an entire industry.
LCA results for an individual product do not scale up to provide this information because
supply chains are not linear; the efficiency and cost of production change with scale,
among other variables. In short, the impact from manufacturing one product is not
necessarily one-tenth the impact of ten products. Similarly, the LCA for an individual
product will reflect an average production scenario, but policymakers are often interested
in the effect of a marginal change. This is especially true when novel and emerging
industries are being considered, which is the case for advanced biofuels. Most studies find
that macro level effects, such as the infrastructure requirements for capital goods, become
diluted at the product level, and are not included in an LCA. There is therefore no
incentive to improve infrastructure impacts under an LCA policy design.
Despite the above limitations, LCA has illuminated the details of a typically opaque
fuel supply chain. One participant in the Minnesota process explained that an advantage
of LCA was that it revealed different upstream production options, clarifying that "one type
of ethanol might not equal another type of ethanol." The lesson is that it might be less
important to focus on the different fuel types, and equally important to encourage better
ways of producing the same fuels. Returning to the paper versus plastic debate,
researchers at Carnegie Mellon's Green Design Institute aptly commented, "perhaps the
most revealing [result] was the contrast between plants and processes to make paper
versus plastic. The best plant process for making paper was much better than the worst
plant process; the same was true for plastic...Perhaps the most important lesson for
consumers was not whether to choose one material over another, but rather to insist that
the material chosen be made in an environmentally friendly plant" (Hendrickson et al
2005, 5).
The final rules for California's default and opt-in strategy will be a test for LCA's
ability to elucidate upstream environmental impacts, and whether it successfully
encourages producers to improve their supply chain. This is an imperfect way to deal with
the context-dependent nature of LCA results: that the specifics of the supply chain
frequently matter more than the specific fuel. Some undecided details of the opt-in process
include which agency can certify an alternative pathway, the amount of improvement
required to trigger a review, and where to set the new carbon intensity value, either at the
producer's alternative calculation or possibly as the average between the default and the
opt-in values.1 o LCA's job is to contribute information to individual suppliers on where
their greatest potential improvements exist. In theory, this is an effective method to
optimize the cost efficiency of carbon improvements; since the LCFS policy will consider
all possible improvements throughout a product's life cycle, a producer is free to choose
the most cost effective method. But again, since LCA is structured around individual
products, the opt-in system might downplay carbon mitigation strategies that appear
negligible at the product level, although they might be effective if multiple producers
attempt them collectively. The high transaction cost of an opt-in LCA also disadvantages
small-scale alternatives, for example, a neighborhood-scale digester that processes
vegetable oil from urban gardens.
In short, the debates over how to employ LCA in crafting regulatory standards for
alternative fuels have highlighted some limitations of the tool. LCA was initially designed
for individual companies to discover the most effective way to reduce the upstream
environmental impact of their products. Policy decisions, however, target entire industries
and are also concerned with future production scenarios. Moving forward, policymakers
can pursue more suitable options for integrating a life-cycle perspective into policy that
draw on the strengths of the tool.
10 Sonia Yeh, Personal Communication, March 25, 2009.
An Alternative Application of LCA in Policy
LCA, and the field of industrial ecology in general, have provided insights for the
environmental management of production systems and can provide an equally valuable
perspective for policy. Ultimately, it is more accurate to evaluate fuels and other products
from a life-cycle perspective, in order to compare their upstream and downstream effects
in addition to their impact from consumption or use. Regulators can choose to apply LCA
as an accounting tool, as they do for the LCFS, in order to rank discrete product choices
according to a given environmental metric. But a life-cycle approach can also be
speculative, and inquire whether the solution to one environmental problem would
inadvertently create an additional problem somewhere else. This integrative and
exploratory function is an important benefit of LCA, and one that should be emphasized
for future policy applications.
LCA was designed to assess the environmental tradeoffs of different production
methods across multiple impact categories, which is why it has been used so often as a
comparative tool. Full LCA impact assessments often report emissions inventories, energy
consumption, land and water use, and human health damages at a minimum. Often, one
product is not better in every category, and its rank will depend on which types of impacts
are more important given the circumstances. For example, many types of biofuels have a
lower carbon content than gasoline but require more land and water inputs. Policymakers
can take a strong environmental approach and apply this function of LCA in a
precautionary way. One LCA analyst insisted that for best practices, "LCA needs to ask: if I
made a change, did I make a problem somewhere else? If it is used as an accounting tool,
it doesn't do this." By putting all impacts in terms of carbon, the LCFS doesn't directly
highlight tradeoffs among different types of environmental impacts. But such tradeoffs
should be a central part of the policy discussion, and this use of LCA more closely adheres
to its initial purpose.
There is a strong desire in the current policy environment to fulfill the promise of
LCA-to quantify the relative carbon impact of products side-by-side, and then let the
market or "technology neutral" policy mechanisms decide on the ultimate outcome. But
this approach fails to consider the possibility of reinventing today's industrial system based
on more environmentally sustainable principles. Ideally, a more sustainable industrial
infrastructure will look radically different from today's production chains; it will
incorporate waste reduction strategies, closed-loop principles, and exclusively renewable
inputs. An important policy strategy is to create a visioning process around different future
scenarios that includes explicit tradeoff options. Instead of letting industrial infrastructure
reorganize itself by optimizing one single carbon metric, this is a good opportunity to plan
for broader sustainability goals that require a "green" industrial infrastructure. For
example, in Minnesota, analysts have discussed using LCA to conduct a scenario analysis
for the legislative decision process. Unlike California, Minnesota has an ethanol industry,
and the LCFS presents an opportunity to promote a more sustainable regional biofuels
industry. Regulators can set broad goals and then apply LCA to ferret out the unforeseen
impacts of production decisions.
Several other states intend to launch their own LCFS process and have closely
watched the debates in California. These states might mimic California's structural
decisions, but will develop their own LCA inputs based on their regional fuel supply.
Since the California process has parsed out many disputes, other states can choose to
work from its model to defend similar regulatory decisions, such as the inclusion of
indirect land use in biofuels carbon intensity numbers. But states also have the option to
address biofuels disputes more directly and forefront the LCFS process with a statewide
visioning process for transportation fuels. Clearly, public support for different fuels
accounts for more than just carbon. It depends on other local environmental concerns,
such as land and water availability, and the economic development opportunities of each
choice. By planning out some of these goals more explicitly, a state can apply LCA to
construct fuel pathways that will both conform to the state's vision and also reduce carbon
intensity of the transportation sector.
Looking Ahead: The Role of LCA in Sustainability Planning
The LCFS provides insight to LCA in environmental policy, but a carbon standard is
a limited metric for environmental improvement. The challenge ahead is whether LCA can
be used to create broader life-cycle sustainability standards. The authors of the California
study recognize that "the LCFS may have implications for broader issues, such as
environmental justice and sustainability, and should be implemented with these issues in
mind" (Farrell et al 2007b, 1). Currently, there are early efforts to create sustainability
standards in the EU, and projects such as the Roundtable on Sustainable Biofuels
specifically address life-cycle standards for agriculture (The Energy Center 2009). But these
are seen as incipient "baby steps" toward applying a full life-cycle sustainability
certification to different products."
The precise definition of sustainability is a debated topic, but certainly any
expansion to include sustainability impacts in a regulatory standard must incorporate a
wider breadth of environmental and human health impacts, including land use, water and
air pollution, and non-renewable resource use. It should also include social and economic
indicators at the global scale in order to address the fundamental principle of equity. All of
these factors are a result of dynamic interaction, large-scale forecasting, and market-
mediated effects. As outlined above, LCA does not provide this type of analytic capability.
LCA analysts see the current LCFS debate over biofuels and indirect land use as a
surrogate for LCA's utility to take on broader sustainability issues.12 But the lesson from the
biofuel battles is that the central conflict is not about the technical capabilities of LCA, but
over how it is applied and interpreted. The debate has remained focused on a single
technical disagreement, and regulators have failed to steer the discourse towards
participant's underlying values about biofuels and the future of transportation energy
planning. This experience with a narrow carbon standard does not bode well for the more
challenging task of developing life-cycle sustainability standards.
Conclusions
LCA is a sophisticated and powerful analytic tool, but policymakers should not be
seduced by a promise that it can make policy decisions. LCA holds strong appeal for
policymakers who want to craft effective environmental regulations that fit within the
context of technology-neutral, market-based designs. LCA offers the promise of a single
" Sonia Yeh, Personal Communication, March 25, 2009.
complete environmental impact measure, from cradle-to-grave. Dissimilar products can
be compared on equal terms, and regulators can be assured that they have captured the
important impacts no matter where they occur in a product's life cycle. LCA has
successfully provided a framework to create more environmentally benign industrial
systems, like those described in Cradle-to-Cradle, and these are gaining popularity among
private firms. But recent experience with state LCFS shows that LCA is not suited to play a
decisive role in product-oriented carbon policies, where it is used to set regulatory
benchmarks and give a definitive ranking of different products.
The methodological choices in an LCA are subjective and vulnerable to challenge.
Analysts determine input parameters on a case-by-case basis from the goals set forth in the
study, but there is no prescribed approach that creates uniformity, even between studies of
similar products. The analyst decides how to allocate upstream co-products, where to set
temporal and geographic boundaries, and how to define a functional unit of measure
based on the pertinent information for a given application. Most importantly, the
appropriate system boundary depends on the study objective, and this choice can have a
huge impact on the LCA results. In the case of the LCFS, the debate over whether to
include global land-use change from biofuels has summoned a range of opinions that
derive from the ongoing conflict over national biofuel policy. Each side is advocating for
the choice that supports their values towards the proper environmental management of
biofuels.
These challenges of technical tools are not new. The suite of environmental
analysis tools that includes cost benefit analysis, risk assessment, and environmental
impact assessment are all used to inform policy, and are all vulnerable to challenge and
protracted technical dispute. The history of environmental policy contains many examples
of conflicts that hinged on intractable scientific disagreements. Cases such as OSHA
rulemakings and endangered species designations have shown that technical tools don't
contain the answer. Policy questions involve tradeoffs-between health and
environmental impacts, the economy, equity, national security, and any host of other
12 Dan Sperling, Personal Communication, March 16, 2009.
public issues. The policy process must weigh and articulate these values, and then apply a
technical tool to inform and support a stated goal. Important policy decisions should not
be masked behind complex analytic tools and technical debates when the public interest
is at stake.
Carbon is insufficient as a singular environmental metric, but carbon will
realistically retain the focus of environmental regulators over the next several years. One
harmful outcome of this myopic perspective is that other environmental issues become
subordinated to carbon management. Ironically, LCA was designed to avoid this outcome;
early systems thinkers were motivated to prevent shifting environmental burdens like those
seen from MTBE additives, where a solution for one point in the system creates a problem
somewhere else. Although LCA is not currently providing this service, it can play a
valuable role in carbon policies. LCA can reintroduce this holistic perspective and inform
carbon regulations so that the current efforts won't undermine other environmental goals,
and potentially provide additional environmental benefits.
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